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Relation between glycosylated hemoglobin and 
lipid and thyroid hormone among patients with type 
2 diabetes mellitus at King Abdulaziz Medical City, 
Riyadh

Abstract
Background: The main objectives of this study were to: (1) Evaluate the levels of thyroid hormones and glycosylated hemoglobin 
(HbA1c) among patients, (2) correlate between thyroid hormones and HbA1c and different types of lipids and HbA1c among 
diabetic patients. Materials and Methods: A retrospective chart review study was conducted at Department of Clinical Chemistry, 
King Abdulaziz Medical City (KAMC) in Riyadh, Saudi Arabia, during the period from August 2014 to December 2014, including 
100 male and female patients diagnosed with diabetes mellitus (DM) type 2 and excluding patients with DM type 1. These patients 
were admitted to the hospital in 2013. Biochemical laboratory results were retrieved from biochemistry laboratory database while 
age and sex of patients were retrieved from patient files. Statistical analysis was performed using SPSS software conducting 
frequency analysis and correlation test. Results: The result showed increased mean levels of HbA1c (8.4%) and normal level 
of thyroid stimulating hormone (TSH) (4.5 mlU/L) and T4 (14.1 pmol/L). The results also showed a weak positive correlation 
between HbA1c and TSH (r = 0.212, P = 0.034) and insignificant correlation with thyroxin T4 (r = −0.018, P = 0.855). There was 
a weak positive correlation between HbA1c and total cholesterol and low density lipoprotein (r = 0.258, P = 0.001), (r = 0.297, 
P = 0.003), respectively. Conclusion: It is concluded that increased blood glucose could trigger anterior pituitary gland to increase 
secretion of TSH, whereas there was no direct correlation between increased glycemic index and the rate of thyroxine secretion. 
Furthermore, it is concluded that there is an association between blood glucose and some lipid markers.
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INTRODUCTION

Diabetes mellitus (DM) is a group of  metabolic diseases 
characterized by hyperglycemia resulting from defects in 
insulin secretion, insulin action, or both.[1] Recent estimates 

indicate there were 171 million people in the world with 
diabetes in the year 2000 and this is projected to increase to 
366 million by 2030.[2] The risk of  chronic complications in 
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patients of  DM depends on the duration of  hyperglycemia, 
and they usually become manifest in the second decade 
of  the development of  DM.[3] A survey done in Kingdom 
of  Saudi Arabia shows the presence of  DM in epidemic 
areas throughout the country and a high average is mainly 
affecting the urban areas.[4]

Thyroid dysfunction is one of  the commonest endocrine 
dysfunction that is, rampant in most of  the populations around 
the world, especially the diabetics. The frequency of  thyroid 
dysfunction is higher, both in the aged and the females.[5-7]

A study on 1301 patients with diabetes (type 1 and type 2) 
showed that the occurrence of  thyroid diseases is around 
13.4%.[7] Another study showed a dominance of  thyroid 
disorder approximately 10.8% in 223 diabetic patients.[8] 
The thyroid dysfunction is more common in type 1 as 
compared to type 2 diabetic patients, approximately one-
third of  the diabetics with type 1 are affected by thyroid 
diseases and 25% of  the females with type 1 diabetes will 
develop postpartum thyroid dysfunction.[9,10] Nevertheless, 
some literature reports suggest an increase in the frequency 
of  thyroid disorder in type 2 diabetic patients equals that 
of  type 1 diabetic patients.[11]

Hypothyroidism is the most predominant type of  thyroid 
disease; the features of  the disease are similar in both the 
diabetics and nondiabetics. It can lower the glucose level 
in blood, in addition, to increasing insulin resistance.[12] In 
some conditions, diabetes is also related to abnormal thyroid 
function, involving very low glucose level in the blood and 
also renal disorders.[13,14] The presence of  diabetes is also 
related to the insufficiency of  the replacement of  thyroid 
hormone in elderly patients with hypothyroidism.[15]

Since, adequate glycemic control can delay development 
of  diabetic complication, the purpose of  this study was 
to measure HbA1c in diabetic patients and bring out a 
possible correlation between thyroid hormones, HbA1c 
and different types of  lipids, in order to highlight the 
significance of  such a correlation which can prevent 
exacerbation of  cardiovascular risk-related mortality.

MATERIALS AND METHODS

Age and sex of patients
This study was conducted on 100 patients diagnosed with 
type 2 DM, age of  patients constituted three groups; 9 
patients between 30 and 50 years, 56 patients between 51 
and 70 years and 35 above 70 years. The sex wise ratio 
was males 47% (n = 47) while females 53% (n = 53) as 
illustrated in Table 1.

Settings and duration of study
This study was conducted at Department of  Clinical 
Chemistry, KAMC in Riyadh, Saudi Arabia, during the 
period from August 2014 to December 2014.

Study design
This is a retrospective chart review study.

Inclusion and exclusion criteria
Male and female patients diagnosed with DM type 2, of  
all age groups, admitted at (KAMC) in 2013 and excluding 
patients with type 1 DM.

Sample size
The sample size was 100 subjects based on previous auditing 
institutional report and on the calculated prevalence of  DM 
type 2 in Riyadh region.

Sampling technique
Patients of  both the genders of  different age groups who 
were discharged from KAMC with a diagnosis of  DM 
type 2 at any point in time during the study period were 
enrolled in this study.

Data collection methods
After getting approval from Institutional Review Board 
of  National Guard, relevant data for study population 
was obtained from biochemistry laboratory database, 
computer printout of  demographic data, discharge clinical 
events and outcomes were collected from medical records 
department at KAMC. All data were tabulated in a master 
sheet before analysis.

Data management and analysis plan
The statistical analyses were performed using SPSS 
version 20 (The International Business Machines 
Corporation, New York). The descriptive results were 
expressed as mean ± standard deviation and percentage. 
Variables of  the patients group were correlated with each 
other by Pearson correlation test.

RESULTS

The mean concentration values of  patients for T4, thyroid 
stimulating hormone (TSH) and HbA1c were 14.1 pmol/L, 
4.5 mIU/L, and 8.4% respectively. These values were 
found to be increased as compared to the reference values, 
while cholesterol, triglycerides, low-density lipoprotein 

Table 1: Frequency of sex among patients
Variable Number Percentage
Male 47 47
Female 53 53
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(LDL) and high-density lipoprotein were in the range 
of  the reference values [Table 2]. A significantly positive 
correlation was found between HbA1c and TSH (r = 0.212 
P = 0.034) [Figure 1], while the correlation between 
HbA1c and fT4 was insignificantly negative (r = −0.018, 
P = 0.855) [Figure 2]. The correlation results between 
HbA1c and LDL were significantly positive (r = 2.97, 
P = 0.003) [Figure 3]. A positively significantly correlation 
was found between HbA1c and cholesterol (r = 0.258, 
P = 0.001) [Figure 4].

Negative significant correlations were observed between 
cholesterol and LDL with age (r = −0.337, P = 0.000) and 
(r = −0.368, P = 0.001) [Figures 5 and 6], respectively.

Also, a significant strong positive correlation was observed 
between cholesterol and triglycerides (r = 0.737, P = 0.000) 
[Figure 7].

DISCUSSION

Since the measurement of  HbA1c levels is important not 
only for monitoring of  diabetes, the results of  our study 
showed an obvious elevation of  HbA1c levels in patients 
diagnosed with DM are in corroboration with the results of  
Vikhe et al., and Saha et al.[16,17] Consequently impaired lipid 
metabolism resulting from uncontrolled hyperglycemia 
has been implicated in cardiovascular complications in 
diabetes patients, this fact support our result which showed 
a relation between HbA1c, total cholesterol and LDL in 
patients with DM, which are also confirmed by Khan et 
al.,[18] who stated that HbA1c exhibited direct correlations 
with cholesterol and LDL.

Previous studies reported that DM type 2 do not affect 
fT4, therefor observed normal level of  fT4 in diabetic 
patients when compared with reference range, hypothesize 
that medication of  DM type 2 may influence the thyroid 
hormone profile thus observed normal results of  fT4.[19] 
However, our observation on the lack of  variation in TSH 
level is not in harmony with the results of  Cappelli et al.,[19] 
these differences appear to be also due to DM medications.

Furthermore, the result of  correlation test showed a positive 
correlation between HbA1C and TSH in type 2 DM, these 
observations are consistent with previous studies Udiong et al.,[20] 

Table 2: Baseline parameter among patients
Variable Mean ± SD Reference value
T4 14.0±3.1 9.0-19.0 (mlU/L)
TSH 4.5±4.0 0.35-4.94 (pmol/L)
HbA1c 8.4±2.2 4.4-6.4%
Total cholesterol 4.1±1.1 <5.18 (mmol/L)
Triglycerides 1.7±1.0 <1.70 (mmol/L)
HDL 1.0±0.3 >1.55 (mmol/L)
LDL 2.3±0.9 <2.60 (mmol/L)
The table shows mean ± SD, reference range and unit between brackets. 
TSH: Thyroid stimulating hormone, HbA1c: Glycosylated hemoglobin, HDL: High 
density lipoprotein, LDL: Low density lipoprotein, SD: Standard deviation

Figure 1: A scatter plot shows the relationship between levels of 
thyroid stimulating hormone in pmol/L and glycosylated hemoglobin 
in % (r = 0.212 and P > 0.05)

Figure 2: A scatter plot shows the relationship between levels of T4 
in mlU/L and glycosylated hemoglobin in % (r = −0.018 and P < 0.05)

Figure 3: A scatter plot shows the relationship between levels of 
low density lipoprotein in mmol/L and glycosylated hemoglobin in % 
(r = 0.297 and P > 0.01)
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who reported significant association between HbA1C and TSH. 
In contrast the results of HbA1c and fT4 showed no correlation, 
this finding was agreed with studies performed in Bangladesh 
by Saha et al.[17] which showed no correlation between HbA1c 
and FT4 among diabetic patient with type 2 DM.

Previous study suggest that cholesterol and LDL levels 
decrease age increase this suggestion approved by by Volpato 
et al.,[21] who observed that there is a relation being stronger 
with increase in age, total cholesterol and LDL, these findings 
support our observation that there is inverse relation between 
cholesterol and LDL levels with increase age.

Moreover, we observe a strong positive correlation between 
cholesterol and triglycerides.

RECOMMENDATIONS

It is recommended that blood glucose for the diabetic 
patient should be maintained within the reference value 

in order to avoid the complications. Furthermore, regular 
check for lipid profile and thyroid function test should 
be requested every 3 months for all diabetic patients as 
recommended by many diabetic associations.
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